(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



iiiiiiiinii 

(H) EP 1 335 503 A1 



(12) 



EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) Intel 7; H04B 7/06, H04B 1/707 




13.08.2003 Bulletin 2003/33 


(21) 


Application number; 03002988.8 




l"J 


Ratck rif filinrv "11 flO OAfll 

L/etit? 01 ming. 1 1 .UZ.^UUJ 




(84) 


Designated Contracting States: 


(72) Inventors: 




AT BE BG CH CY CZ DE DK EE ES Ff FR GB GR 


• Mayor, Michael A. 




HU IE IT LI LU MC NL PT SE SI SK TR 


Fort Wayne, IN 46845 (US) 




Designated Extension States: 


• Lu Ning 




AL LT LV MK RO 


Parsippany, NJ (US) 


(30) 


Priority: 12.02.2002 US 73037 


(74) Representative; Esser, Wolfgang 






ITT Industries 


(71) 


Applicant; ITT MANUFACTURING ENTERPRISES, 


Regional Patent Office 




INC. 


Europe 




Wilmington, Delaware 19801 (US) 


Cannonstrasse 1 






71384 Weinstadt (DE) 



(54) Method and apparatus for coherently combining signals from plural transmitters 



(57) Enhanced reception of transmitted signals in a 
communication system is achieved by synchronously 
combining transmissions from a cluster of transmitters 
at a distant receiver The transmitters coordinate trans- 
missions such that each substantially simultaneously 
transmits the same signal on the same communication 
channel. As a consequence of the spatial diversity of the 
transmitters, the transmitted signals arrive at the receiv- 
er at different times. The receiver essentially treats the 
different transmitted signals as though they were differ- 



ent multipath signals from a single transmitter. A multi- 
path equalizer or combiner is used to determine timing 
offsets among the received signals, and the received 
signals are time aligned by phase rotating the signals in 
accordance with the estimated timing offsets. The time- 
aligned signals are then coherently combined and de- 
tected. The combined signal has a greater signal-to- 
noise ratio than the individual received signals, permit- 
ting detection at a greater range or with a lower bit error 
rate. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to methods and apparatus for enhancing reception of transmitted signals and, 
more particularly, to techniques for synchronously combining transmissions from plural transmitters at a distant receiver 
to extend range performance. 

Description of the Related Art 

[0002] One factor affecting range performance in wireless communication systems is the power with which signals 
are transmitted. Generally, the strength of a received signal is proportional to the transmit power and inversely propor- 
tional to the square of the range between the transmitter and receiver. At a given transmit power, as the range between 
a transmitting device and a receiving device increases, the signal strength at the receiving device becomes increasingly 
attenuated, eventually prohibiting reception. Range performance improves with increasing transmit power; conversely, 
lower transmit power reduces the maximum range at which transmitted signals can be detected. 
[0003] Unfortunately, there are a number of circumstances in which transmit power is limited by equipment capabil- 
ities, operational requirements or both. For example, with mobile communication devices which rely on battery power 
supplies, the maximum transmit power may be limited by design to achieve a tradeoff between operating range and 
battery power consumption. Other equipment cost or performance considerations may dictate transmit power capabil- 
ities that limit operational range or limit system performance under harsh operating conditions. 
[0004] In certain circumstances, a need may exist to minimize RF emissions. In military contexts, particularly in 
battlefield situations, minimizing transmit power reduces the likelihood of signal detection by hostile parties, thereby 
preventing the transmitter's position from being compromised. For example, in a situation where a small team of radio- 
equipped personnel is located within a hostile region and must communicate with a distant device, for any single radio 
to communicate with the distant device, considerable transmit power would be required, resulting in a significant op- 
portunity for detection by hostile forces. Moreover, the transmit power level required to communicate over significant 
distances would likely drain the radio's battery more rapidly than desired. 

[0005] In other contexts, low transmit power levels may be advantageous or required to minimizing interference with 
other devices, particularly in high bandwidth usage situations, such as with wireless telephony. In general, it would be 
advantageous in a variety of applications to achieve certain range performance with reduced transmit power levels or, 
conversely, to increase range performance without increasing transmit power. 

[0006] Operational parameters other than transmit power can be optimized for better range performance under cer- 
tain conditions. For example, antenna gain may be increased using a directional antenna, or more sophisticated re- 
ceiver schemes can be employed. In some cases, the problem of limited range performance (or, equivaiently, limited 
transmit power) may be overcome using repeaters to boost the signal power at an intermediate location between the 
source transmitter and destination receiver. However each of these solutions has drawbacks, such as increased size, 
cost and circuit complexity, overall system complexity, and increased energy requirements. Such solutions are espe- 
cially disadvantageous in covert military situations where minimizing size and transmit power and maximizing stealth 
are of utmost importance. Accordingly, it would be highly desirable in power-limited scenarios to enhance range per- 
formance without resorting to such solutions. 

SUMMARY OF THE INVENTION 

[0007] Therefore, in light of the above, and for other reasons that become apparent when the invention is fully de- 
scribed, an object of the present invention is to enhance the range performance of a group of communication devices 
communicating with a distant receiving device, thereby permitting communication over a range greater than that achiev- 
able by any single device transmitting at a particular power level. 

[0008] Another object of the invention is to reduce the transmit power required from any single communication device 
in order to reduce the probability of signal interception by unintended recipients. 

[0009] A further object of the invention is to increase the overall signal strength of a transmitted signal at a receiver 
without having to increase the transmit power from an individual transmitter. 

[0010] Yet another object of the invention is to coordinate signal transmissions of plural communication devices to 
effectively send the same signals from plural locations to a common receiver device and thereby improve the detecta- 
bility of the information in these signals. 

[0011] Still another object of the invention is to take advantage of collective transmit power of clusters of communi- 
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cation devices to communicate signals with greater effective transmit power than is available from individual devices 
in the cluster. 

[0012] The aforesaid objects are achieved individually and in combination by the method and apparatus described 
in the independent claims, and it is not intended that the present invention be construed as requiring two or more of 

5 the objects to be combined unless expressly required by the claims attached hereto. 

[0013] Enhanced reception of transmitted signals in a digital communication system is achieved by synchronously 
combining transmissions from a cluster of transmitters at a distant receiver. The transmitters coordinate their trans- 
missions such that each substantially simultaneously transmits the same signal on the same communication channel. 
As a consequence of the spatial diversity of the transmitters, the transmitted signals arrive at the receiver at different 

10 times. The receiver essentially treats the different transmitted signals as though they were different muttipath signals 
from a single transmitter. A multipath equalizer or combiner is used to determine timing offsets among the received 
signals, and the received signals are time aligned by phase rotating the signals in accordance with the estimated timing 
offsets. The time-aligned signals are then coherently combined and detected. The combined signal has a greater 
signal-to-noise ratio than the individual received signals, permitting detection at a greater range or with a lower bit error 

15 rate without having to increase the transmit power of any individual transmitter. Consequently, enhanced signal recep- 
tion and range performance can be achieved in systems where transmit power is limited by operational constraints or 
equipment limitations. 

[0014] The above and still further objects, features and advantages of the present invention will become apparent 
upon consideration of the following detailed description of a specific embodiment thereof, particularly when taken in 
20 conjunction with the accompanying drawings wherein like reference numerals in the various figures are utilized to 
designate like components. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 [0015] 

Fig. 1 is a conceptual representation of the technique of the present invention in which a plurality of transmitters 
communicate with a receiver by synchronously transmitting the same signal. 

Fig. 2 is a graph illustrating the coherent integration loss due to phase errors among received signals. 
30 Fig. 3 is a graph illustrating achievable communications performance of an exemplary embodiment of the present 

invention on a Rayleigh fading channel for PSK signaling. 

Fig. 4 is a graph illustrating achievable communications performance of an exemplary embodiment of the present 
invention on a Rayleigh fading channel for DPSK signaling. 

Fig. 5 is a graph depicting the coverage characteristics for ten synchronized transmitters in terms of coherent 
35 integration gain according to one embodiment of the present invention. 

Fig. 6 is a schematic block diagram of a synchronous combining receiver according to an exemplary embodiment 
of the present invention. 

Fig. 7 is a more detailed circuit diagram of the differential detection tap delay and rake tap selection processing 
of the synchronous combining receiver according to the exemplary embodiment of the present invention. 
40 Figs. 8A-8D illustrate formats for RTS/CTS/ACK data packets used for CSMA/CA message transmission in ac- 

cordance with an exemplary, embodiment of the present invention. 

Figs. 9A-9D illustrate formats for TRANS EC data packet communication in accordance with another embodiment 
of the present invention. 

45 DETAILED DESCRIPTIOM OF THE INVENTION 

[0016] The present invention involves a signal combining technique in which signals are transmitted in a coordinated 
manner from plural communication devices in relatively close proximity to each other (e.g., a "cluster" of devices) to a 
receiving communication device which coherently combines the signals as if they were different multipath rays of a 
50 single transmission. The combined signal power enables reception of signals over ranges far greater than would oth- 
erwise be possible with a single device transmitting at the same single-device power level. 

[0017] The signal combining concept of the present invention uses the collective resources of a number of commu- 
nication devices by synchronizing or coordinating transmission and reception of signals. Proper coordination enables 
the cluster of communication devices to collectively transmit the same information-bearing signals, such that an in- 
55 tended receiver can process the received signals to significantly improve the communications performance (e.g. quality 
of service, range, etc.) with efficient utilization of transmitting energy. 

[0018] A representation of the concept underlying the present invention is illustrated in Fig. 1 . Each of a plurality of 
M communication devices is located within a limited geographical area, such that each of the communication devices 
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can directly communicate with at least one of the other M communication devices, thereby enabling radio communi- 
cation among the communication devices. A group of communication devices so arranged can be considered to be in 
a "duster. " As used herein and in the claims, the term "cluster" refers to a set of two or more communication devices 
so position to permit a coordinated transmission of combinable signals from the communication devices to a common 

5 receiver. While the term cluster generally implies some degree of relatively close proximity, the present invention is 
not limited to any particular maximum distance between devices in the cluster or maximum outer boundary for the 
cluster. Preferably, although not strictly required, ail of the M communication devices are within the field of view or line 
of sight of each other, such that any two of the devices can communication with each other directly. Some of the 
transmitters may also be in motion relative to the other transmitters and to the receiver. 

10 [0019] As used herein and in the claims, a "communication device" includes any device, mobile or stationary, that is 
capable of transmitting and/or receiving communication signals, including but not limited to: a handheld or body-mount- 
ed radio; any type of mobile or wireless telephone (e.g., analog cellular, digital cellular, PCS or satellite-based); a pager, 
beeper or PDA device; a radio carried on, built into or embedded in a ground-based or airborne vehicle; any portable 
electronic device equipped with wireless reception/transmission capabilities, including multimedia terminals capable 

15 of receiving/transmitting audio, video and/or data information; and any device mounted in a fixed location with trans- 
mission/reception capabilities. 

[0020] While the signals transmitted from the different transmitting communication devices arrive at the receiving 
communication device at different times, it should be understood that the signals are nevertheless transmitted on the 
same communication channel in much the same manner as multipath signals from a single transmitter are on the same 
20 communication channel. Thus, for example, if the system employs code division multiple access (CDMA), all of the 
transmitted signals are spread using the same code (e.g., the same PN code, Walsh function, etc.). Likewise, if the 
system employs frequency division multiple access (FDMA), all of the transmitted signals are on the same frequency 
channel within the available frequency band. 

[0021] At least one receiving communication device is remotely located from the cluster of transmitting communica- 
25 tton devices. To be useful in transmitting signals to a particular receiver, each of the M communication devices must 
be positioned such that its transmitted signals can travel over a path to the receiver and contribute to the power of the 
combined received signal. As shown in Fig. 1 , the receiver may be located at a considerable distance from the com- 
munication devices in the cluster. In fact, an important aspect of the present invention is the ability to receive signals 
from the cluster of communication devices beyond the maximum reception range possible with an individual commu- 
30 nication device transmitting at a specified power level. Due to the distance between the cluster of transmitters and the 
receiver, the signal quality of the communication between individual transmitters and the receiver may be poor. How- 
ever, by synchronously combining each of the transmitted signals at the receiver as multipath rays corresponding to 
a single signal, the gain of the received signal may be significantly increased. 

[0022] While the advantages of the present invention are readily apparent in scenarios where the receiver is located 
35 relatively far from the cluster of transmitters, it should be understood that the present invention is not limited to any 
particular receiver location or any particular minimum range from the cluster. For example, the signal combining tech- 
nique of the present invention can be implemented such that when the receiving communication device is well within 
the operating range of the transmitting devices, the transmit power of each of the transmitting devices can be reduced 
accordingly. 

40 [0023] The communication devices in the cluster transmit the same signal to the receiving device and coordinate 
their respective transmit times such that the signals arrive at the receiver within a narrow time window that allows the 
receiving device to constructively combine the plural signals. One of the transmitting communication devices is iden- 
tified as the lead communication device. The lead device communicates with other devices in the cluster to coordinate 
transmission of a signal to the receiving device. Preferably, the lead communication device is the device initiating 

45 transmission (i.e., the device whose operator desires to transmit a message to the receiving communication device). 
[0024] The lead device can be any of the devices in the cluster. For example, consider the case where the commu- 
nication devices are in a peer-to-peer network. A key design premise of a peer-to-peer network is that there are no 
predetermined "lead" devices. Following this fundamental principle, any transmitter wanting to initiate a synchronized 
transmission will communicate this intention to neighboring devices via special message. The initiating device does 

50 not need to know where the other members of the network are, nor how many devices there are to receive the message. 
The cluster of transmitting devices then operates to simultaneously transmit a data communication signal comprising 
a known data sequence portion or acquisition/synchronization portion and an information bearing signal portion con- 
taining the communication of interest to be transmitted to the receiving device. Note that each transmitter operates to 
transmit the same information bearing signal portion and also transmit the known data sequence portion or a serial 

55 probe portion. 

[0025] In accordance with an exemplary embodiment, the transmitting communication devices attempt to transmit 
their respective measurements at the same instant in order to minimize the span of time over which the signals arrive 
at the receiver. Of course, due to synchronization errors and variations in processing times, the actual transmit times 
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of the signals from the respective transmitting communication devices may vary slightly. More generally, the signal 
transmit times of the transmitting devices may differ to a limited extent, either by design or due to system timing errors, 
so long as the arrival times of the signals at the receiving device fall within a time window that enables the receiving 
device to combine the signals. Accordingly, the phrase "substantially simultaneously" as used herein and in the claims 
5 jn connection with transmitting signals means that the signals are transmitted close enough in time to be received by 
the receiver within a time window that permits the signals to be combined. 

[0026] In accordance with the exemplary embodiment, the overall system is synchronized relative to the Time-of- 
Day (ToD). Initially, the first communication device in the cluster which is turned on, R-j , will receive a signal indicating 
ToD to a resolution of 1 nsec (this is resolution not accuracy), for which 64 bits are sufficient. Specifically, for a one- 
10 hundred-year interval, 

D - 100*365*24*60*60*1000*1000*1000 - 3.154 X 10 18 



Nbits - log10(D) / Iog10(2) - 61 .5 

[0027] Communication device initiates the clock counter and broadcasts a ToD message, M ToD , to all other com- 
munication devices in the cluster network. The network communication devices R 2 ... R N wi 'l receive M ToD and set their 
20 own clock counters relative to the ToD contained in the message, thereby establishing a common time reference among 
the devices. 

[0028] The radius which covers all the network radius is related to the multipath window as follows. A radiowave 
propagates at a velocity of 3.333 1 0* 6 sec/km (3.333 u.sec/km). This means that, in a network having a cluster of devices 
spread over a radius of 1 km, the ToD will be offset by at most 3.333 u,sec. This coarse synchronization is sufficient 

25 for the system of the present invention to work correctly, provided that the multipath window at the receiver includes 
the propagation delays necessary to receive all transmitters. For example, a multipath window of ± 25 jisec will readily 
be able to receive and combine ail signals transmitted from the cluster, as described in greater detail hereinbelow. 
[0029] To effect a transmission, one of the communication devices Rj distributes a message M data to N neighboring 
communication devices that will be required to transmit in synchronism. This message contains a specified future ToD, 

30 T 0 when the transmission will occur as well as the destination address of the receiving device, designated R K . Observe 
that T 0 can be any time beyond the maximum propagation delay for the network radius. At the specified time T 0 , the 
N radios transmit the specified message to a sole destination R K . The receiver at R K will receive ail transmissions with 
maximum offsets given by the initialization propagation delay, d lnjtia|l plus the message transmission propagation delay, 
d tx , plus the local clock time drift, L drjft . With a local clock (oscillator) accurate to ± 1 part per million (10 6 ), the total 

35 time offset will be: 

T offset = 3333 H< sec + 3.333 jisec + 1 u.sec = 7.666 u.sec, 

40 which is well within the ± 25 fisec multipath window stated above. This means that the receiver will appropriately 

combine the signals as though they were multiple reflections of an original signal, importantly, no precise phase syn- 
chronization is required at the transmitters, since all that is required is that the set of transmitted signals arrive within 
the multipath window at the receiver. Like multipath components, the several signals transmitted by the different trans- 
mitters in the present invention arrive at the receiver with completely random phases. It is the function of the muttipath 

45 combiner at the receiver to align the phases of the arriving signals. It should be understood that the invention is not 
limited to the specific values used in the foregoing example. In general, the system will operate correctly if the muitipath 
window is set to cover twice the maximum propagation delay plus the local clock offset. For any specific system, this 
would be a relation between the maximum distance and how accurate (and expensive) the local oscillators are made. 
[0030] Any suitable messaging scheme can be employed by the cluster of transmitting communication devices, 

50 provided the scheme permits the lead communication device to arrange the substantially simultaneous transmission 
of the message from the group of transmitting devices. By way of non-limiting example, the lead communication device 
can send a special Request to Send (RTS) message to the neighboring communication devices. When receiving the 
special Clear to Send (CTS) from the neighboring devices, the lead device then initiates transmission within a given 
delay time. The time delay can synchronized by Time of Day and directly derived from the Key Generator Transition 

55 switching point, i.e. the Epoch. This is the point where the KG is reloaded to generate new non-linear spreading se- 
quences. The time interval, or Epoch, depends on the particular system, and for reference purposes can be set initially 
to 1 sec. 

[0031] According to another approach, the device whose position is determined to be closest to the receiving device 



6 



QM<=rw-\r-irv ^cd 



EP 1 335 503 A1 



may be designated as the lead device. In this case, the transmitting devices communicate with one another to obtain 
a precise geographic location of one of the transmitting devices, such as the transmitting device closest to the receiving 
device or the lead device. Such a determination may be made using a variety of methods including use of global 
positioning system (GPS) data for determining precise geometric coordinates. It should be understood, however, that 
in general, position information is not necessary for the correct functioning of the system of the invention. Insofar as 
the time delays from each transmitting station are within the multipath window set by the receivers, the system will 
work correctly, 

[0032] As previously noted, because of the distributed locations of the transmitters, the simultaneous transmissions 
from the cluster of transmitters arrive at the receiver at different time offsets relative to one another. In accordance with 
the present invention, at the receiver, the signals transmitted from the individual communication devices in the cluster 
are essentially treated as though they are different multipath rays of a single transmission, and multipath countermeas- 
ures are used to process and combine the received transmissions from the different communication devices. As will 
be explained in greater detail hereinbelow, this task is accomplished using a multipath combiner device, such as an 
equalizer, with the optional addition of a serial probe. 

[0033] A brief explanation of the phenomenon of multipath fading will aid in understanding operation of the receiver 
of the present invention, in terrestrial-based radiowave propagation, multipath interference occurs when reflected rays 
originating from a radio transmitter arrive at the receiver delayed in time by x m relative to the arrival time of the direct- 
path ray. The delayed signals will then combine constructively or destructively with the direct-path ray and with each 
other, depending on their relative phases at the receiver antenna, giving rise to the phenomenon called multipath 
fading. A simple baseband equivalent model can illustrate the problem. A received signal is given by: 



r(t) = 3 a(t) exp(rJ2rrf c r n (t)) (1 ) 

where the received signal is the sum of a number of time variant vectors (phasors) having amplitudes a(t) and 
phases e = 2TTf c x n (t). Note that a change in amplitude requires a large change in a(t), while 6 will change by 2tT 
every time that x changes by 1/f c , For example, at frequency f c = 2,400 MHz, 1/f c = 0.5 x 10' 6 seconds. Since radio 
waves travel at approximately one ft/nsec, a path delay at higher frequencies does cause significant changes in the 
phase of the signal, causing the signal distortion known as multipath fading. 

[0034] This is further complicated by motion. If the transmitter and receiver are moving with respect to each other, 
then another key aspect of the multipath fading is the fade rate, which is a function of the relative velocity between the 
transmitter and the receiver location at points A and B, where A and B are separated by the distance traveled by the 
receiver at velocity v. The difference in path lengths traveled by a wave due to the movement of the receiver, measured 
in wavelengths, X, yields a phase difference A<|> = 2TTAI/ k t where Ai = v At Cos(6), where 6 is the angle between 
transmitter/receiver path and the direction of movement. The waves will be exactly at opposite phases at a rate given 
by the Doppler shift: 



f d = (1/2n) (A<fi/At) cos (9) ~(v/A) cos (9) (2) 

40 

[0035] Consequently, the signal will have deep fades at the Doppler rate. 

[0036] Doppler Spread is defined as the frequency interval f c •i d ,i c -^ f d . Coherence Time (T c ) and Doppler spread 
characterize the time varying nature of the channel, caused by the relative motion of transmitter and receiver and by 
the movement of reflective objects in the channel. The coherence time T c gives the interval of time over which the 
45 fading characteristics will not change, i.e., an equalizer will have to be re-trained at T c intervals of time. For a velocity 
of 500 mph, T c = 229 x 1 0" 6 seconds. 

[0037] As will be appreciated from the foregoing explanation of multipath fading, an analysis of a signal-combining 
system is quite complex for operations in restrictive environments, because the nature of multipath characteristics 
varies with time. As a result, the transfer function of the transmission medium is time varying, which may be charac- 
50 terized statistically in terms of the coherence bandwidth and time of the channel. To assure analytical tractability, the 
mathematical model for a signal combining system is described based on the concept of diversity. It is assumed that 
there are L diversity channels, each carrying the same information-bearing signal. The fading processes among the L 
diversity channels are assumed to be statistically independent. 

[0038] The system according to the present invention employs a multipath combiner or equalizer, often called a 
55 "rake" receiver. A rake receiver generally includes parallel correlator circuits which receive signals incoming from dif- 
ferent signal paths. In code division multiple access (CDMA) systems, for example, several components are resolved 
at a resolution equal to the chip period and are coherently combined. Coherent combining of the signals requires that 
the signal have substantially the same phase and frequency. Thus, in multipath fading environments, instead of losing 
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a signal by destructive interference of multipath components, two or more different path signals are received, and 
phase adjustment is made to provide constructive combining of these signals. 

[0039] In accordance with an exemplary embodiment of the present invention, the rake receiver employs a tapped 
delay line through which the received signal is passed. The signal at each tap is properly weighted and summed, in 

5 effect, to collect the signal energy from all the received signal paths that fall within the span of the tapped delay line 
and carry the same information. Fig. 2 shows the coherent integration loss due to phase errors among the received 
signals. Note that significant gains can be realized as long as phase errors among the received signals can be main- 
tained within 90 degrees. Figs. 3 and 4 illustrate the communications performance of the signal combining technique 
of the present invention on a Rayleigh fading channel for PSK and DPSK signaling, respectively. The communications 

io performance is shown in terms of the probability of a bit error (BER) as a function of the required signal-to-noise (SNR) 
per bit in dB. The required SNR per bit, denoted by R b , is L times the SNR per bit per channel, denoted by R c . L 
indicates the order of diversity. For a given BER, the required R b can be determined, and then the required R c for each 
transmitting channel can be estimated. With the order of diversity, the performance gain of the signal combining system 
of the present invention over a single radio system can easily be estimated. Fig. 5 depicts the coverage characteristics 

15 for ten synchronized transmitters in terms of coherent integration gain. 

[0040] A schematic block diagram of the receiver system according to a present invention is shown in Fig. 6. A front 
end of the receiver (not shown) is coupled to an input terminal 5. The front end of the receiver may include a tuner and 
intermediate frequency (IF) stage, an analog-to-digital converter, and a 90 degree phase shifter coupled together in a 
known manner to produce various clock signals required by circuitry in the receiver in synchronism with the received 

20 signal. The timing reference generator and clock recovery circuit may also be located after the multipath equalizer. 
[0041] The receiver front end digitizes the IF signal to produce and in phase (I) component and then rotates the 
digital signal to obtain the quadrature (Q) component, and the digital I and Q components are received at the input 
terminal 5. The I and Q signals are supplied to a digital matched filter 50 whose output is supplied to the multipath 
equalizer or combiner comprising a plurality of tap delay lines 40 for receiving each of the phased shifted data com- 

25 munication signals. Each tap delay line has corresponding weighting coefficients h[0], h[1], ... h[m] associated with 
each of the received channels for adjusting the amplitude and phase of the received signal in order to equalize the 
signals. Each of the tap delay lines is coupled to a correlator 55 for providing a correlation signal indicative of the 
amount of correlation among the received time delayed signals. The peaks of the correlation signal are detected in a 
detector 60 which is coupled to phase rotator 64 for rotating the phase of the detected peak signal to allow for coherent 

30 combination. Detector 60 detects the N highest peaks received from correlator 55. In general, any practical number of 
peaks N which exceeds a given threshold can be detected up to the total number of peaks. Unless limited by hardware 
or processing considerations, it is preferable to select and process all peaks exceeding a given threshold; however, in 
certain circumstances it may be preferable to specify a predetermined maximum number of peaks to be processed. 
[0042] The phase-rotated signals produced by phase rotator 64 are received by a combiner 70 which coherently 

35 combines each of the detected peak signals to produce a combined output 80. Phase rotator 64 essentially time aligns 
the separate signals by ensuring that the relative phases of the signals are within a certain number of degrees of each 
other, such that a significant integration gain will result when the signals are coherently combined. A threshold detector 
90 compares the combined signal 80 with a predetermined threshold to determine whether or not a true signal is 
present. The combined detected signal has a gain exceeding that of each of the individual data communication signals, 

40 and is indicative of the data communication signal. 

[0043] The rake receiver operates on each of the received data communication signals from the simultaneous trans- 
mission of the transmitting devices as if the transmissions were multipath signals from a particular source. The present 
invention utilizes such information to enhance the gain by combining these signals in synchronous fashion. In a practical 
implementation, important aspects of the system include the use of Direct Sequence Spread Spectrum (DSSS) and a 

45 Digital Matched Filter (DMF). The DSSS expands the data pulse bandwidth with a secondary modulation called chip- 
ping. For example, with a 1 MHz (Megabits per second) signal spread with a 32 MHz chipping signal the symbol duration 
is T s = 1 u-sec, and a chip duration T c = 31 .25 nsec. Consequently, each stage in the DMF is 31 .25 nsec apart, such 
that different signal paths separated by at least 31 .25 nsec will be recognized. 

[0044] Another important aspect of the invention is that the signal is sampled at the Nyquist rate (two times the 
so chipping rate, or 64 MHz), such that the system produces one output of the DMF at the sampling rate, i.e. 64 MHz, 
meaning that each 15.625 nsec there will be an output. Over a period of 1 jisec, there are 64 outputs and, over a period 
of 0.250 jasec, there are 256 outputs, which is consistent with the synchronization speed of practical systems. Theo- 
retically, all these outputs can be combined with a Digital Filter (Finite Impulse Response). This FIR would then be an 
"equalizer", since having a definite mathematical relationship between the input and the output impulse responses of 
55 an equalizer FIR makes it indeed an equalizer. However, the present invention does not require a true equalizer. In 
accordance with another implementation, heuristic "combining" can be used, i.e., phase matching and adding the 
magnitude of selected paths. The combining approach can be advantageous where hardware limitations or costs are 
a consideration. The particular combining/equalization method is not critical to the invention. An equalizer combiner 
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will produce better results than a non-equalizer combiner; however, within a given signal to noise ratio limitations both 
approaches work. 

[0045] The serial probe provides an instantaneous measure of the channel impulse response at the coherence time 
intervals. Essentially, the serial probe involves a sequence of known pulses which can be identical to the synchronization 

5 sequence which can be used to determine how the signal was distorted in the channel. The channel impulse response 
accounts for the relative motion, not only between the receiver and the transmitter, but the relative motion between the 
transmitters. The serial probe provides information to set the RAKE combiner tap weights (this can be understood as 
the coefficients in a Finite impulse Response (FIR) filter). This minimizes the losses due to channel variability as well 
as frequency offsets due to Doppier shifts. The serial probe is not strictly necessary for the system of the present 

10 invention to operate correctly; however, performance is degraded without the serial probe. 

[0046] The serial probe is preferably identical to the synchronization sequence in the transmitted message, for ex- 
ample, sixteen words of 4 jxsec duration each. The chip pattern changes according to the KG Epoch; however, the 
underlying symbol pattern can remain the same or change with the Epoch as required for different missions. The symbol 
pattern is an M-Sequence generated by a Linear Sequence Generator, e.g.; 16, 12, 3, 1 . 

15 [0047] The serial probe is inserted at intervals determined by the Coherence Time. This is the time over which the 
channel impulse response is invariant, and it is dependent on frequency given by: 



[0048] The serial probe is processed at these intervals and ail the subsequent symbol inputs are processed with the 
information (tap weights) derived from the last probe. The serial probe is also used to resynchronize the system, i.e., 
the peak correlation output of the probe sets the initial time ^ for the subsequent symbols. 

25 [0049] According to an exemplary embodiment of the present invention, the rake receiver may be embodied within 
a digital radio. For example, such a system may comprises a burst packet local area network having a layered archi- 
tecture, where communications are established at the applications level and remain until one of the participants ter- 
minate it. Such a transmitter and receiver system may utilize a frequency or code division multiple access communi- 
cations scheme (or both) comprising a combination of channel sense multiple access/collision avoidance (CSMA/CA) 

30 and code division multiple access (CDMA) techniques for enhancing system throughput. 

[0050] In this exemplary embodiment, by way of non-limiting example, four 20 MHz channels are available within a 
2400-2800 MHz frequency band and several signals may be superimposed within the same time bandwidth, through 
the use of appropriate spreading codes. Note that, in the transmitter and receiver system described above, signaling 
comprises two different modulations; data modulation and spreading modulation. A modem operable within the trans- 

35 mitter/receiver system spreads the baseband signal (not the up converter frequency) with a quadrature modulation, 
such that the bandwidth can be contained within 20 MHz. The data modulation comprises a binary phase shift key 
(BPSK) sequence, while the spread modulation is an offset quadrature phase shift key (OQPSK) having 1 6 megachips 
per second (Mcps) for the in-phase component and 16 Mcps for the quadrature component. 

[0051] Fig. 7 is a more detailed block diagram of the rake receiver components illustrating differential detection tap 
40 delay and the rake tap selection processing implemented within the device of the exemplary embodiment for acquiring 
and estimating signal channels to adaptively control network communications for enhancing the gain of received sig- 
nals. Referring to Fig. 7, in phase (I) and quadrature (Q) channel signals are supplied to digital matched filter 15 to 
provide pulse shaping of the input signal. Output signal 20 from filter 15 comprises an 8 bit complex data sequence 
which is delayed (module 25) and the complex conjugate obtained via module 30. The complex conjugate output is 
45 then multiplied (module35)with signal 20 and the real part 45 of the signal is produced by module 38. Signal 45 is 
received by a quantizer 50 which quantizes the signal to 5 bit values, and an 896 chip (32 Mcps) tapped delay line 52 
using weighted taps operates to perform the multipath equalization. Rake tap selection processor 54 is responsive to 
the output of tapped delay line 55 for performing threshold detection and acquisition. 

[0052] Any of a variety of transmission protocols or schemes can be used transmit signals between the cluster of 
50 communication devices and the remote communication device receiving the combined signals. By way of non-limiting 
example, the communication devices can communicate with each another via packet transmission using a carrier 
sense multiple access with collision avoidance (CSMA/CA) scheme. With CSMA/CA, each packet transmission be- 
tween two communication devices typically involves an exchange of four short bursts. First, a request to send message 
(RTS) is sent from the sending device to the receiving device. The receiver device then responds upon receipt of the 
55 RTS message with a clear-to-send message (CTS). A data message (MSG) is then transmitted from the sending 
device, and an acknowledgment message (ACK) is sent from the receiving device upon reception of the data message. 
If the data message is not successfully received, the receiving device can sent a no acknowledgment (NAK) message 
back to the sending device or simply not send any message within a time out period, indicating to the sending device 
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that the data message was not successfully received. 

[0053] Figures 8A-8D illustrate exemplary formats for the RTS/CTS/ACK data packets used for message transmis- 
sion. The RTS/CTS/ACK acquisition sequences comprise ten 4 0>sec. symbols as shown in Figure 8A. Referring to 
Fig. 8B, acquisition data portion 20 is approximately 40 usee, in duration, while the RTS/CTS/ACK message portion 

5 30 is approximately 1 28 usee. A power amplifier (PA) and automatic gain control (AGC) header portion 1 0 of 1 2 jxsec. 
in duration provides gain control information at the beginning of the message, while PA tail portion 40 having a 4 u^sec. 
duration provides end of data information (amplifier rise and settle times). The RTS/CTS/ACK message portion 30 is 
provided in greater detail in Figure 8D. Figure 8D shows the 32 bit sequence where each bit element has a duration 
of 4 <l>sec. The acquisition data sequence 20 is further illustrated in Figure 8C, which shows a 10 symbol sequence 

10 having a temporal duration of 4 jxsec per symbol. 

[0054] In a DSSS system where each symbol is spread with different spreading sequences, the muitipath window 
can cover several symbols. If the symbols were spread with the same sequences, then muitipath rays which are delayed 
more than one symbol cannot be combined, since this would present the risk of combining two different symbols 
(virtually destroying them), in the system of the present invention, with different spreading sequences for each symbol, 

15 a reflected component of symbol S K which will produce a correlation peak only with reference R K . Thus, the reference 
is kept for as long as the desired length of the muitipath window. 

[0055] As can be seen from the diagram of Figure 8A, the first bit or symbol b1 within the sequence represents a 
reference bit, while bits two and three are indicative of the message type (i.e. RTS, CTS, or AC K). The next seven bits 
(b4-b1 0) indicate the destination address (for RTS) or source address (for CTS and ACK) messages. The RTS message 
20 further includes the message data rate (bits b1 1 , b1 2) message length (b1 3-1 5), suggested message channel (b1 6-18), 
and noise control bits (b19-20). A 5 bit packet priority and 7 bit source ID are then appended to the RTS message 
spreading sequence. 

[0056] In similar fashion, the CTS message portion further includes a message data rate (2 bits), message length 
(3 bits), message channel direction (2 bits), power control portion (3 bits), FEC portion (2 bits) and a destination ID (7 
25 bits). Three spare bits (b23-26) are also included within the CTS message type. Finally, the ACK message includes 
an indicating of the link quality (3 bits, b11-13) and a 12 bit network processor writable and spare capacity segment, 
in addition to the 7 bit destination ID. 

[0057] Thus, Figs, 8A-8D illustrate the communication protocol used among transmitter and receiver devices for 
communicating over 16 MHz signal bandwidths (20 MHz including the guard band). Note that the communication 

30 process identified above terminates a transmission between the receiver and transmitter, even though the two terminals 
are still connected at the application level. In this manner, each packet is transmitted independently of all the other 
packets, so that there is no signal in the air that indicates that the receiver and the transmitter are, connected in any 
way. This advantageous feature minimizes the potential for eavesdroppers to detect and/or identify the location of the 
transmitting and receiving devices. Note however, that the packets do include sequencing information to allow the 

35 receiver to reconstruct the entire message. 

[0058] For TRANSEC communications, Figs 9A-9D illustrate the format for the network packets for RTS/CTS/ACK 
message transmission using a convolutionai code rate of 14 and K=7 error correcting code. Fig. 9A provides the overall 
TRANSEC format, while Fig. 9B illustrates specific message segment formats including the acquisition portion, tap 
train portion, data portion : and probe portions of the message. Decision directed tap training portion, as shown in Figs. 

40 9B and 9C, represents a 16 symbol field of variable duration ranging between .5 <I>sec. (2 Msps), 1 <I>sec. (1 Msps), 2 
Osec. (0.6 Msps) and 4 <l>secs. (0.25 Msps). 

[0059] As shown in Fig. 9B, the data probe portion 35 comprises a known bit pattern which is inserted by the modem 
intothe signal at selected time intervals derived from propagation theory, and which provides an instantaneous measure 
of the channel impulse response in the environment in which the unit is operating in. The communication device's 

45 modem probes the channel on a period of about 75% of the worst case channel coherence time. Note that data symbols 
time sequenced just prior to probe portion N+1 still use the channel identified by probe N to receive the signal waveform. 
The modem uses decision directed feedback to track changes in the channel phase, but does not attempt to locate 
new muitipath waves prior to the next data probe portion. Thus, even though the total energy in the channel is held 
constant, some energy may move from the taps currently being received into one or more of the unmonitored time 

50 delays. 

[0060] Having combined and detected the signals from plural transmitting devices in the cluster, the receiving com- 
munication device may then reply to the message as necessary. Depending on the power restrictions on the receiving 
communication device, the reply message may be sent back to the originating device via a single transmission at a 
higher power level, or, where the receiving communication device is itself among a cluster of devices under similar 
55 power restrictions (e.g., a second convert squad located at a distance from the first covert squad), the same signal 
combining technique can be used to send signals back to the originating device. 

[0061] It should be understood that the present invention is not limited to any particular protocol, messaging scheme 
or type of channel access, and is useful in any context or network that would benefit from an increase in the power of 
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received signals resulting from the combined power of distributed transmitters. For example, consider a network of 
communication devices which transmit with very low power due to cost, power and/or RF emissions considerations. 
While many if not ail of the communication devices in the network may be within each other's fields of view, the power 
limitations may make direct communications between certain devices impossible. One conventional solution to this 

s problem would be relay messages using intermediate devices in the network. In accordance with the present invention, 
another approach is for the device from which the message originates to command devices within its operating range 
to simultaneously transmit signals containing the same message, such that the intended receiving device, which may 
not be within the operating range of the originating device alone, is nevertheless within the extended reception range 
resulting from combining the signals of the group of transmitters. In this manner, the technique of the present invention 

10 may avoid delivering the signal via multiple "hops" (i.e. ; through multiple intermediate devices), and may potentially 
simplify signal routing algorithms and reduce the need for routing tables in certain types of networks. 
[0062] The signal combining technique of the present invention has applicability in the context of military or covert 
field operations. For example, a squad of soldiers or a reconnaissance team equipped with radios may be required to 
transmit using very low power levels to minimize the risk of being discovered by hostile forces or revealing their location. 

is At such power levels, reliable communications may be difficult to achieve between individual radios in the squad and 
a receiver at a command center located at a considerable distant from the squad. In accordance with the present 
invention, range performance can be enhanced in this scenario without increasing the transmit power of individual 
radios in the squad by substantially simultaneously transmitting the same signals from some or all of the radios in the 
squad and combining the signals at the distant receiver. 

20 [0063] Although the communication devices of the present invention have described herein as being mobile devices, 
the invention encompasses systems in which some or ail of the devices are stationary. For example, the present 
invention may be useful in networks deployed with office buildings, hotels, parking garages and/or mails, wherein 
certain communication devices have fixed positions. 

[0064] Having described preferred embodiments of a new and improved methods and apparatus for synchronously 
25 combining signals from plural transmitters, it is believed that other modifications, variations and changes will be sug- 
gested to those skilled in the art in view of the teachings set forth herein. It is therefore to be understood that all such 
variations, modifications and changes are believed to fall within the scope of the present invention as defined by the 
appended claims. Although specific terms are employed herein, they are used in a generic and descriptive sense only 
and not for purposes of limitation. 

30 

Claims 

1 . in a communication system comprising at least a plurality of transmitting communication devices and a receiving 
35 communication device, a method of combining signals respectively transmitted from the transmitting communica- 

tion devices to enhance reception at the receiving communication device, comprising: 

(a) coordinating transmissions of the plurality of the transmitting communication devices such that a plurality 
of transmitted signals are respectively transmitted over the same communication channel by the plurality of 

40 transmitting communication devices substantially simultaneously, each of the transmitted signals including an 

information signal which is coherently combinable with corresponding information signals in others of the trans- 
mitted signals; 

(b) receiving the transmitted signals at the receiving communication device such that respective arrival times 
45 of the transmitted signals are offset from one another as a function of respective positions of the transmitting 

communication devices; 

(c) time aligning the transmitted signals to compensate for the respective arrival times of the transmitted sig- 
nals; 



50 



55 



(d) combining the transmitted signals to form a combined signal including at least a combined information 
signal; and 

(e) detecting the combined signal to determine the presence of the transmitted signals. 

2. A method of detecting a plurality of signals respectively transmitted substantially simultaneously from a plurality 
of transmitting communication devices over the same communication channel, wherein: 
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(a) each of the transmitted signals including an information signal which is coherently combinable with corre- 
sponding information signals in others of the transmitted signals; comprising: 

(b) receiving the transmitted signals at a receiving communication device such that respective arrival times of 
the transmitted signals are offset from one another as a function of respective positions of the transmitting 
communication devices, 

(c) time aligning the transmitted signals to compensate for the respective arrival times of the transmitted sig- 
nals; 

(d) combining the transmitted signals to form a combined signal including at least a combined information 
signal; and 

(e) detecting the combined signal to determine the presence of the transmitted signals 
3. The method of claim 1 or 2, wherein: 

each of the transmitted signals further comprises an acquisition signal; 

20 (b) indudes correlating the acquisition signal of transmitted signals received by the receiving communi- 

cation device to a stored signal to estimate the arrival times of the transmitted signals; and 

(d) includes combining information signals from at least some of the transmitted signals correlated in (b) 
to form the combined information signal. 



w 
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4. The method of claim 3, wherein the acquisition signal in each of the transmitted signals is identical. 



5. The method of claim at least one of claims 1 to 4, wherein 

(c) includes phase rotating at ieast some of the transmitted signals correlated in (b) to adjust a relative timing of 
30 the transmitted signals to account for timing offsets among the respective arrival times of the transmitted signals. 

6. The method of claim 1 or2, wherein the transmitted signals arrive at the receiving communication device within 
an acquisition time interval having a duration sufficiently short to permit combining of the transmitted signals. 

35 7. The method of claim 1 or 2, wherein the information signal in each of the transmitted signals is identical, 

8. The method of claim 1 or 2, wherein each of the transmitted signals includes a Serial probe comprising a known 
data sequence, the method further comprising: 

40 (f) determining a channel impulse response from the serial probe. 

9. The method of claim 1 or 2, wherein the transmitted signals are heuristic combined by phase matching and 
adding the magnitude of the transmitted signals. 

45 10. The method of claim 1 or 2, wherein the transmitted signals are combined using an equalizer. 

1 1 . In a communication system comprising at least a plurality of transmitting communication devices and a receiving 
communication device, a method of coordinating transmission of signals respectively transmitted from the trans- 
mitting communication devices to the receiving device, comprising: 



(a) establishing a common time reference among the transmitting communication devices: 

(b) commanding the transmitting communication devices to transmit signals to the receiving device at a future 
time; and 

(c) respectively transmitting a plurality of signals from the transmitting communication devices at the future 
time, such that the plurality of signals are respectively transmitted over the same communication channel 
substantially simultaneously, each of the signals including an information signal which is coherently combinable 
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with corresponding information signals in others of the signals. 

12. The method of claim 11, wherein one of the transmitting communication devices commands others of the 
transmitting communication devices to transmit signals at the future time. 

13. The method of claim 12, wherein said one of the transmitting communication devices broadcasts a command 
to said others of the transmitting communication devices. 

1 4. The method of claim 1 1 , wherein a time between commanding of the transmitting communication devices and 
the future time is greater than a longest signal propagation time between transmitting communication devices 

15. A communication system, comprising: 

a plurality of transmitting communication devices configured to respectively transmit a plurality of transmitted 
signals over the same communication channel substantially simultaneously, each of the transmitted signals 
including an information signal which is coherently combinable with corresponding information signals in others 
of the transmitted signals; and 

a receiving communication device configured to receive the transmitted signals at respective arrival times 
which are offset from one another as a function of respective positions of the transmitting communication 
devices, said receiving communication device time aligning the transmitted signals to compensate for the 
respective arrival times and combining the transmitted signals to form a combined signal. 

16. The system of claim 15, wherein each of the transmitted signals further comprises an acquisition signal and 
said receiving communication device comprises: 

a correlator (55) configured to correlate the acquisition signal of transmitted signals to a stored signal to esti- 
mate the respective arrival times of the transmitted signals; 

a phase rotator (64) configured to phase rotate at least some of the transmitted signals to adjust a relative 
timing of the transmitted signals to account for timing offsets among the respective arrival times of the trans- 
mitted signals; and 

a signal combiner (70) configured to combine the transmitted signals to form the combined signal. 

17. The system of claim 16, wherein the information signal in each of the transmitted signals is identical, and the 
combined signal includes at least a combined information signal, the receiving communication device further com- 
prising a signal detector configured to detect the combined signal and determine the information contained in the 
combined information signal. 

18. The system of claim 15, wherein the receiving communication device further comprises: 

a digital matched filter (1 5 ; 50) configured to generate a matched filter signal based on the transmitted signals 
received by the receiving communication device. 

19. The system of claim 15, wherein the receiving communication device further comprises: 

a plurality of tapped delay lines (40) configured to modify the phase and amplitude of the transmitted signals. 

20. The system of claim 15, wherein each of the transmitted signals includes a serial probe comprising a known 
data sequence, and wherein the receiving communication device determines a channel impulse response from 
the serial probe. 

21. The system of claim 15, wherein said receiving communication device heuristically combines the transmitted 
signals by phase matching and adding the magnitude of the transmitted signals. 

22. The system of claim 15, wherein said receiving communication device comprises an equalizer. 
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23. A communication device for detecting a plurality of signals respectively transmitted substantially simultaneously 
from a plurality of transmitting communication devices over the same communication channel, the communication 
device comprising: 

a digital matched filter (15, 50) configured to generate a matched filter signal in response to reception of the 
transmitted signals at the communication device, wherein respective arrival times of the transmitted signals 
are offset from one another as a function of respective positions of the transmitting communication devices; 

a plurality of tapped delay lines (40) each configured to adjust a phase and frequency of the matched filter 
signal in accordance with weighting coefficients; 

a correlator (55) configured to generate a correlation signal indicative of an amount of correlation among 
outputs of the plurality of tapped delay lines; 

a peak detector (60) configured to detect peaks of the correlation signal; a phase rotator (64) configured to 
rotate the phase of detected peaks of the correlation signal to account for timing offsets among the respective 
arrival times of the transmitted signals; 

a combiner (70) configured to coherently combine the detected peaks to form a combined signal, thereby time 
aligning the transmitted signals to compensate for the respective arrival times of the transmitted signals; and 

a detector (90) configured to detect a presence of the transmitted signals from the combined signal. 

24. The communication device of claim 23, wherein in the plurality of tapped delay lines operates as an equalizer. 

25. The communication device of claim 23, wherein each of the transmitted signals includes a serial probe com- 
prising a known data sequence, and wherein said communication device determines a channel impulse response 
from the serial probe and determines the weighting coefficients from the channel impulse response. 

26. The communication device of claim 23, said communication device heuristically combines the transmitted 
signals by phase matching and adding the magnitude of the transmitted signals. 

27. A communication device for detecting a plurality of signals respectively transmitted substantially simultaneously 
from a plurality of transmitting communication devices over the same communication channel, comprising: 

means for receiving the transmitted signals such that respective arrival times of the transmitted signals are 
offset from one another as a function of respective positions of the transmitting communication devices, each 
of the transmitted signals including an information signal which is coherently combinable with corresponding 
information signals in others of the transmitted signals; 

means for time aligning the transmitted signals to compensate for the respective arrival times of the transmitted 
signals; 

means for combining the transmitted signals to form a combined signal including at least a combined infor- 
mation signal; and 

means for detecting the combined signal to determine the presence of the transmitted signals. 

28. The communication device of claim 27, wherein each of the transmitted signals further comprises an acquisition 
signal, the communication device further comprising: 

means for correlating the acquisition signal of transmitted signals received by the communication device to a 
stored signal to estimate the arrival times of the transmitted signals. 

29. The communication device of claim 27, wherein said means for time aligning includes means for rotating a 
phase at least some of the transmitted signals to adjust a relative timing of the transmitted signals to account for 
timing offsets among the respective arrival times of the transmitted signals. 
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30. A network of communication devices, comprising: 

a lead communication device and a plurality of other communication devices sharing a common time reference 
with the lead communication device, wherein the lead communication device commands the plurality of other 
communication devices to transmit signals to a receiving device at a future time, and wherein the lead com- 
munication device and the plurality of other communication devices respectively transmit a plurality of signals 
at the future time, such that the plurality of signals are respectively transmitted over the same communication 
channel substantially simultaneously, each of the plurality of signals including an information signal which is 
coherently combinable with corresponding information signals in others of the signals. 

31. The network of claim 30, wherein the lead communication device broadcasts a command to the plurality of 
other communication devices. 

32. The network of claim 30, wherein a time between commanding of the plurality of other communication devices 
15 and the future time is greater than a longest signal propagation time between the lead communication device and 

the other communication devices 

33. The method or network of at least one of the previous claims, wherein the common time reference is the time 
of day. 

20 

35. The method or device of at least one of the previous claims; wherein at least one of the transmitting commu- 
nication devices is a mobile communication device. 

35. The method or device of least one of the previous claims, wherein the receiving communication device is a 
25 mobile communication device. 
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